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Microtubules (MTs) play essential roles in a variety of physiological processes, 41 including maintenance of cell polarity, intracellular trafficking and chromosome 42 segregation [1, 2] . One of the key events in MT assembly is its initial nucleation. The 43
MTs are nucleated from a structural platform known as the microtubule organising 44 centre (MTOC) [3] . The major MTOC in animal cells is the centrosome, which is made 45 up of two perpendicular centrioles and a surrounding electron-dense pericentriolar 46 material [4] . The centrosome equivalent in fungi is referred to as the spindle pole body 47 (SPB), a disc-like structure associated with or embedded in the nuclear envelope [5] . 48
In the fission yeast, Schizosaccharomyces pombe, the SPB resides on the 49 cytoplasmic surface of the nuclear envelope during interphase. Upon entry into mitosis, 50 it undergoes structural alterations, thereby being inserted into the nuclear envelope and 51 activated to nucleate spindle MTs. Although the structures and organisation of the 52 centrosome and the SPB are different, these two organelles have many components in 53 common due to their functional similarity [6, 7] . These include γ-tubulin that comprises 54 a multi-subunit complex referred to as the γ-tubulin complex (γ-TuC), receptors of the 55 γ-TuC on the SPB (e.g. Pericentrin/Pcp1 and CDK5RAP2/Mto1) and Centrin (Cdc31) 56 [6, 7] . The γ-TuC plays a central role in MT nucleation and assembly, in which Pcp1 is 57 responsible to localise the γ-TuC to the nuclear side of the SPB during mitosis [ genes (gene of interest, GOI), the implementation of error-prone polymerase chain 66 reaction (PCR) becomes instrumental; with this methodology, we can generate desired 67 ts mutations in GOI easily and efficiently. Here, we describe screening for ts mutants 68 using this error-prone PCR method in the pcp1 gene, which encodes the vertebrate 69
Pericentrin homologue. 70
The procedure for isolation of ts mutants in S. pombe is schematically shown in 71 Fig. 1 . In order to make the subsequent selection process easier, firstly, a WT strain that 72 contains a drug resistance marker in the 3' end of the GOI (pcp1 in this case) was 73 constructed with a standard procedure [11] (Fig. 1, I ). Available drug resistance markers 74 include G418 (kan 12], we picked up several colonies that were formed on G418-containing plates and 79 checked correct insertion as follows. A small amount of cells from a single colony was 80 transferred to a PCR tube containing a freshly prepared lysis buffer (40 mM NaOH, 81 0.01% sarcosyl). The sample was boiled at 95°C for 15 minutes, placed on ice for 3 82 minutes and vortexed for 3-5 seconds. The cells were centrifuged at 5,000 rpm for 10 83 seconds and 1.5 µL of the supernatant was added to the 18.5 µL PCR reaction mix. 84 5 Next, we performed random mutagenesis by error-prone PCR to introduce 85 mutations within the pcp1 gene (Fig. 1, II) . In brief, the pcp1 gene is amplified by PCR 86 using unbalanced dNTPs, where one of the nucleotides is ten times more concentrated 87 than the three others, thereby rendering the PCR amplification error-prone. 88
Experimental conditions for amplification of PCR products may vary and need to be 89 tested and optimised (e.g. the selection of appropriate DNA polymerases to be used). . These colonies 100
were then replica-plated onto two YE5S and two YE5S+Phloxine B plates. One set of 101 YE5S and YE5S+Phloxine B plates was incubated at 27°C and another set was placed at 102 36°C for 1-2 days. We visually identified candidates of ts mutants by their ability to 103 form colonies at 27°C, but not at 36°C
. Positive ts clones should be stained 104 dark pink at 36°C on YE5S plates containing Phloxine B, which stains dead cells. Cells 105 6 of each candidate colony could be picked up from plates incubated at 36°C and 106 observed under a benchtop microscope to assess cell morphology. 107
To confirm the linkage between the ts phenotype and the pcp1 mutations, each ts 108 candidate was backcrossed with a WT strain at 27°C, followed by random spore 109 analysis [13] . After spores were plated onto YE5S plates and incubated at 27°C for 3 110 days, colonies were replica-plated onto YE5S, YE5S+G418 and two YE5S+Phloxine B 111
plates. We incubated each of YE5S, YE5S+G418 and YE5S+Phloxine B plates at 27°C, 112 while the other YE5S+Phloxine B plate was placed at 36°C for checking the ts 113 phenotype. Note that a correct ts mutant should always show co-segregation between 114 temperature sensitivity and G418 resistance (Fig. 1, IV) . 115
To assess the ts phenotype in details, we performed spot tests. This test is a 116 semi-quantitative growth assay where the same number of cells from different strains 117 are "spotted" on plates, which, in this instance, are incubated at various temperatures. 118
This assay allows us to identify restrictive (no growth), semi-permissive (weak growth) 119 or permissive temperature (normal growth) for individual ts mutants (Fig. 1, V) . In this 120 study, we isolated seven pcp1 mutants exhibiting growth defects at 36°C (Fig. 2a) . 121
Among these ts mutants, four mutants (pcp1-14, -15, -16, -17 and -18) were sequenced; 122 each mutant contained different point mutations within Pcp1 (Fig. 2b) [9, 10] . 123
The procedure presented here is applicable not only for the creation of ts mutants 124 for a gene encoding an SPB component but also for any essential genes of interest. The 125 strategy is based upon a simple principle, and experimentation is straightforward, by7 which everybody working on molecular genetics and cell biology in the fission yeast 127 system can follow. 128
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